The realization that unsaturated hydrocarbons can form covalent bonds to semiconductor interfaces has spawned a rapid evolution in the tailoring of interfacial properties using bound organic adlayers [1] . Such organic-terminated Si surfaces exhibit improved oxidative and electrochemical stability relative to hydrogen-terminated silicon for applications including, for example, photoelectrodes in electrochemical cells [2] [3] [4] , and biosensing electronics [5, 6] . Precise knowledge of bonding and dynamical properties of such decorated interfaces can be acquired by combining experimental measurements of the surface wave dispersions across the entire surface Brillouin zone (SBZ) with complementary electronic structure calculations [7] [8] [9] . To date, such studies have focused on chemically functionalized metal surfaces [10] [11] [12] .
We describe the extension of these experimental and theoretical techniques to elucidate the surface vibrations of organic-semiconductor hybrid interfaces.
Silicon surfaces have been functionalized using alkyl termination via radical intermediates [13, 14] , the Diels-Alder addition of dienes [15] , and the Grignard addition of alkyl terminal groups [16] , as well as other methods. Methyl-termination has emerged as an alternative to hydrogen-termination for Si(111) interfaces due to the passivation of surface reconstruction and the demonstrably superior resistance to oxidation of CH 3 -Si(111) relative to H-Si(111) [14, 16] . The impact of the C-Si bond on the surface electronic band structure [17] , on the surface termination and structure [18] , and on the vibrations of the terminal methyl groups [19] [20] [21] has been elucidated, but the effect that methyl termination has on the vibrational band structure of the underlying silicon lattice remains unexplored. Helium atom scattering (HAS) has been used to characterize vibrations in low density alkanethiols on gold [22] , as well as to probe the thermal motion and extent of structural perfection of both CH 3 -Si(111)-(1x1) and CD 3 -Si(111)-(1x1) [23] . We describe herein a notable extension to the understanding of organically terminated semiconductor interfaces through a successful interrogation of the surface phonon dispersion relations.
In this Letter we present the first characterization of the surface phonon dispersion relations across the entire SBZ for CH 3 [24, 25] , to study the interaction of the overlayer vibrations with those of the underlying substrate. H-Si(111) provides a suitable candidate for comparison because the H-Si(111) interface exhibits surface dynamics that are similar to those of the unreconstructed Si(111) interface [26] , and thus the overlayer interactions do not significantly perturb the vibrational characteristics of the semiconductor lattice.
Methyl-terminated Si(111) wafers were prepared by a two-step chlorination/alkylation process, and shipped from the California Institute of Technology to the University of Chicago under argon. Upon arrival, the samples were sonicated in 1:1 methanol: water, and then were mounted in the scattering chamber of an ultra-high vacuum (UHV) helium atom scattering apparatus [27] . The supersonic helium beam (E B = 38-65 meV, ∆v/v ≤ 1%) was produced in a differentially pumped chamber, and The dynamical properties of the CH 3 -Si(111) and CD 3 -Si(111) surfaces were calculated using DFPT, as implemented in the QUANTUM-ESPRESSO package [28] , using Ultrasofts pseudopotentials and the Perdew-Burke-Ernzerhof (PBE) [29] approximation for the exchange-correlation energy functional. The electronic wave functions were expanded in plane waves up to a 28 Ry energy cutoff and a 280 Ry charge density cutoff. The modelled surface consisted of a slab geometry that contained 12 silicon atom layers with methyl groups adsorbed on both sides, with the slabs separated by a 12 Å vacuum gap. The SBZ was sampled over a Monkhorst-Pack grid of 6×6×1 [30] . The atomic positions were relaxed until the forces were below a 0.1 mRy/au threshold. The slab thickness was increased to 30 layers through the insertion of bulk layers with ab initio bulk force constants between relaxed surface layers. The surface force constants were obtained by interpolation of a 6×6×1 q-point mesh for the SBZ, while the bulk force constants were obtained from a similar calculation employing a 6×6×3 q-point mesh.
For in-plane helium atom scattering, the kinematic conditions, conservation of energy [Eq. (1) ( )
In the equations above, E i and E f are the incident and scattered translational energies, respectively, θ i and θ f are the respective incident and scattered angles from the surface normal, K is the parallel (in plane) component of the helium atom wavevector, k i is the incident wavevector, Q is the phonon wavevector, and G mn is a reciprocal lattice vector.
Time-of-flight spectra were obtained at a variety of kinematic conditions and beam energies (38-65 meV) for both the 01 1 , M Γ , and 112 , K Γ , crystallographic directions, Fig. 1(a) . TOF spectra obtained at the same beam energy and angle of incidence with different scattering angles are shown in Fig. 1(c) . Only data for which the phonon excitations were sufficiently resolved from that of the bulk band edge, and which HAS is most sensitive to sagittal displacements, thus the total sagittal displacement is a good guideline for determining the observable modes using neutral atom scattering.
The data agree well with the theoretical mode polarization in that single phonon inelastic transitions were observed only where the atomic displacements contain some sagittal component.
At the M point, the RW energies for both the CH 3 
